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The  accomplishments  of  our  research  effort  under  the  AFOSR  grant  91-0283  are  summarized 
below.  The  detailed  results  are  given  in  specific  publications  listed  as  references  to  this 
summary. 

High  resolution  diode  laser  spectroscopy  of  Calcium 

High  resolution  spectroscopy  with  diode  lasers  has  been  demonstrated  on  the  metrologically 
important,  red  transition  at  657  nm  in  calcium.  We  have  observed  saturated-absorption 
Ramsey  fringe  linewidths  as  narrow  as  10  kHz.  Which  for  comparison  is  approximately  300 
times  narrower  than  that  observed  on  the  present  iodine  stabilized  HeNe  lasers  at  633  nm. 
Our  present  performance  now  allows  resolution  of  the  photon  recoil  splitting  of  23  kHz.  In 
addition  an  alternative  high-flux  calcium  beam/cell  system  was  also  developed  and  gives  very 
high  signal-to-noise  ratios.  This  system  has  the  potential  to  provide  outstanding  short-term 
stability  (af(x)“  3x10  '^  t^)  with  a  saturated-absorption  linewidth  of  as  narrow  as  65  kHz. 


Precision  diode  laser  technology 

The  application  of  diode  lasers  to  precision  spectroscopy  has  up  to  now  been  a  relatively 
immature  science,  so  much  of  the  actual  development  of  laser  technological  had  to  be  done 
in  our  own  labs.  Though  an  on  going  effort,  we  now  have  diode  laser  systems  under  quite 
good  control;  to  the  point  that  they  can  (in  most  cases)  be  applied  directly  as  a  precision 
research  tool.  Along  this  line  we  have  developed  advanced  in-house  capabilities  for  optical 
coating  of  semiconductor  lasers.  This  allows  us  to  put  high  quality  coatings  on  the  laser’s 
facets  which  greatly  improves  their  performance  as  tunable  single  frequency  sources.  With 
optical  and  electronic  feedback  the  resulting  performance  characteristics  are;  a  short-term 
linewidth  of  about  500  Hz,  with  a  residual  frequency  jitter  of  the  reference  cavity  of  less  than 
5  kHz.  Present  enhancements  to  this  now  include  an  electronically  phase-locked  frequency- 
offset  laser  that  can  be  scanned  with  RF  synthesizer  precision,  and  an  improve  reference 
cavity. 


Second  harmonic  generation  of  diode  lasers  -  precision  blue  light  soiux;e 
Because  many  of  the  important  atomic  and  molecular  transitions  of  interest  are  in  the  blue 
region  of  the  optical  spectrum  we  have  pushed  the  technology  of  diode  laser  frequency 
doubling.  This  is  of  particular  immediate  interest  for  the  calcium  program  because  we  require 
423  nm  light  for  laser  cooling.  Dr.  C.  Weimer,  a  postdoc,  in  our  group  has  developed  a  diode 
laser  frequency  doubling  system  that  gives  reliable  state-of-the-art  performance  (starting  with 
150  mW  at  846  mn  we  produce  more  than  40  mW  of  single  frequency  single  spatial  mode 
light  at  423  nm.  This  has  now  been  applied  to  a  number  of  experiments  including  1-D  laser 


cooling  of  calcium  in  the  atomic  beam  system. 

-Diode  laser  difference-freouencv  generation  of  tunable  IR 

A  new  optical  difference  frequency  system  was  developed  in  collaboration  with  Dr.  U.  Simon 
and  Dr.  F.  Tittel  (of  Rice  Univ).  Nonlinear  optical  crystals  are  used  to  generate  tunable 
infrared  radiation  (in  the  3  pm  region)  from  the  difference  frequency  between  two  near  IR 
lasers  (in  our  case  a  diode  laser  and  a  diode  pumped  Yag  laser).  This  technology  provides 
a  precisely  tunable  high  resolution  laser  source  and  opens  a  whole  new  frontier  in  the 
important  IR  spectral  region.  Up  to  now,  no  good  tunable  lasers  sources  existed  in  this 
region.  This  system  will  have  a  number  of  important  applications,  but  in  particular  for  optical 
frequency  measurements  it  provides  the  all  important  bridge  between  the  visible  and  the  IR. 
This  work  was  supported  in  part  by  this  AFOSR  grant. 

Ultra-high-speed  optical  detectors  and  mixing 

A  project  was  pursued  on  developing  the  high  speed  detectors  that  are  necessary  for  optical 
frequency  measurements  this  was  also  supported  in  part  through  this  AFOSR  grant.  We  have 
demonstrated  the  ability  to  detect  beat-notes  between  lasers  in  the  0.8  micron  spectral  region 
up  to  difference  frequencies  as  high  as  700  GHz.  This  system  is  now  being  used  as  part  of 
the  measurement  chain  in  Hall’s  lab  for  the  first  actual  optical  frequency  measurement  of  the 
iodine  stabilized  doubled  Yag  laser  (see  below). 

Multi-photon  spectroscopy  of  cold  trapped  atoms 

We  have  made  progress  on  high  resolution  sj)ectroscopy  of  laser-cooled  neutral  atoms,  one 
experiment  on  sodium  (Hall’s  lab)  and  one  experiment  on  cesium  (Hollberg’s  lab).  Cascade 
two-photon  transitions  with  l^r  cooled  and  trapped  Cs  atoms  have  been  detected  and 
analyzed.  The  observed  two-photon  lineshape  gives  us  new  detailed  information  about  the 
interaction  of  cold  trapped  atoms  and  multiple  laser  fields.  Linewidths  on  the  two-photon 
cascade  are  observed  to  be  less  than  the  natural  linewidth  of  the  cooling  transition.  Spectra 
also  provide  information  about  atom  trap  dynamics. 

Frequency  measurement  of  I-,  stabilized  frequency-doubled  Yag  laser  at  532  nm. 

The  diode-laser-pumped  Nd:YAG  laser  (after  frequency-doubling)  can  be  tuned  to  some  6 
strong  absorption  lines  in  molecular  Iodine.  Two  independent  laser  systems  are  stabilized  to 
the  532  nm  Iodine  resonances  using  our  (patented)  "modulation  transfer"  spectroscopic 
technique.  Very  strong  resonances  of  nearly  ideal  symmetry  are  obtained,  which  leads  to  a 
stability  unprecedented  for  any  visible  laser:  Oy(x)  ~60  Hz  at  0.1  sec  (1*10-13  ),  improving 
below  4*10-14  for  T>  10  sec.  The  reproducibility  is~300  Hz.  These  first  results  with  the 
doubled-Nd  532  nm  green  are  some  40-fold  better  than  those  obtained  with  the  633  nm 
Iodine-stabilized  HeNe  laser,  and  that  is  after  24  years  development  work  in  countless  national 
standards  labs!  We  have  built  a  reliable  apparatus  using  nonlinear  crystals  LiNb03  and 
LiI03,  respectively  to  double  1.06  pm,  and  add  the  resulting  green  and  ir  frequencies, 
obtaining  at  present  1/4  mW  of  the  355  nm  output.  A  delicious  "target  of  opportunity"  has 
recently  come  into  view  based  on  the  excellent  performance  of  this  locking  system,  coupled 
with  a  new  measurement  of  15  kHz  accuracy  reported  recently  by  Nez,  Clairon,  Biraben, 
Felder  et.  al.  of  the  frequency  of  the  778  nm  two-photon  lines  in  atomic  Rb.  Remarkably,  it 
turns  out  that  these  frequencies  satisfy  the  equation: 


r 


2  *  ■f(633  nm)  =  f(532  nm)  +  f(778  nm).  to  within  1200  GHz! 


For  simplicity,  we  have  made  our  measurements  first  relative  to  the  Rb  D2  line  at  780  nm, 
since  the  beat  frequency  is  then  "only"  263  GHz.  The  frequency  of  this  Rb  transition  is 
known  to  160  kHz  from  wavelength  measurements  at  NPL.  For  the  nonlinear  optical  system, 
we  use  doubling  of  the  633  nm  laser  with  a  temperature-tuned  phase-matched  RDP  crystal  in 
a  "build-up"  resonator,  and  frequency-summing  the  ir  and  green  single-pass  in  an  angle-tuned 
sample  of  the  same  material.  The  observed  heterodyne  beat  S/N  >20  dB  in  a  300  kHz 
bandwidth  is  more  than  adequate  for  the  phase-tracking  circuits  we  fabricated.  The  263  GHz 
interval  has  been  measured  with  a  "conventional"  Schottky  diode,  driven  at  43  GHz  by  a 
phase-locked  klystron  microwave  source.  The  resulting  1  GHz  beat  has  sufficient  S/N  for 
direct  counting,  but  for  safety  we  use  a  tracking  oscillator  here  as  well.  The  measured 
frequency  of  the  Iodine  molecular  reference  line  (  R(56)  32-0  a  10  component)  is  found  to  be 
563  260  223.480  MHz  ±170  kHz. 


We  helped  organize  two  meetings  on  frequency  stabilized  laser  sources 

1)  SPIE  conference  in  Nov.  1992  proceedings  now  out  (vol.  1837)  contain  many  useful  papers 
on  frequency  stabilized  lasers  and  precision  measurements.  This  proceedings  contains  3 
papers  from  our  research  efforts;  i)  general  summary  by  J.L.  Hall,  ii)  diode  laser  frequency 
stabilization  and  calcium  spectroscopy  by  Fox  etal.,  iii)  high  speed  detectors  for  laser 
difference  frequency  measurements  by  Waltman  etal. 

2)  Organized  two  sessions  on  stabilized  lasers  and  precision  spectroscopy  as  part  of  the  annual 
meeting  of  the  Optical  Society  of  America,  Toronto  1993. 
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